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(54) ULTRASONIC WAVE SENSOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a ultrasonic wave sensor where the 
directivity, that is, a radiation spread angle can be made narrow in spite of a 
simple configuration. 

SOLUTION: The ultrasonic wave sensor is provided with a cylinder section 
(support cylinder section) 22 of a cylindrical case 2 whose bottom 21 is formed in 



a diaphragm and on which an ultrasonic wave vibrator 1 is fixed and with an 
interposition member 4 that is placed between an outer frame 3 and the case 2 to 
absorb vibration energy. The interposition member 4 has a groove 42 that is 
close to a circumferential edge of the diaphragm 21 and not closely adhered to 
the support cylinder 2 of the cylindrical case 2. The groove 42 of this interposition 
member 4 may be provided over the entire circumference or provided over a 
prescribed angular range in the circumferential direction. In the case of providing 
the groove 42 of the interposition member 4 over the entire circumference of the 
diaphragm 21, the directivity of an ultrasonic wave energy emitted from the 
sensor, that is, a radiation spread angle can be made narrow, and in the case of 
providing the groove 42 of the interposition member 4 over a prescribed angular 
range in the circumferential direction of the diaphragm 21, the directivity of the 
ultrasonic wave energy emitted from the sensor, that is, the radiation spread 
angle can be made narrow at a side at which the groove 42 is provided. 



LEGAL STATUS 

[Date of request for examination] 25.09.2002 

[Date of sending the examiner's 
decision of rejection] 

[Kind of final disposal of application 
other than the examiner's decision of 
rejection or application converted 
registration] 

[Date of final disposal for application] 

[Patent number] 3613449 

[Date of registration] 05.1 1 .2004 

[Number of appeal against examiner's 
decision of rejection] 

[Date of requesting appeal against 



examiner's decision of rejection] 
[Date of extinction of right] 



Copyright (C); 1998,2003 Japan Patent Office 

* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The tubed case where it has the bottom surface part which makes a 
diaphragm, and the tubed support cylinder part which protrudes towards one side 
from the periphery of said bottom surface part, The ultrasonic vibrator of the 
shape of sheet metal which it is fixed [ shape ] to the principal plane of said one 
side of said diaphragm, and vibrates said diaphragm in the thickness direction, 
The outside frame prepared by separating predetermined spacing to said support 
cylinder part of said tubed case, And said support cylinder part is supported, 
bearing being carried out to said frame, while being interposed between said 
outside frames and peripheral faces of the support cylinder part of said ultrasonic 
sensor. And it is the ultrasonic sensor which is equipped with the interposition 
member which attenuates the vibrational energy of said support cylinder part, 
and is characterized by having the slot which said interposition member 
approaches the periphery of said diaphragm, and is not stuck to said support 
cylinder part. 

[Claim 2] It is the ultrasonic sensor characterized by having the slot which is not 



stuck to a part of predetermined hoop direction of said support cylinder part 
where said interposition member adjoins the periphery of said diaphragm in an 
ultrasonic sensor according to claim 1 , and not having said slot in said slot and 
hoop direction opposite side. 

[Claim 3] It is the ultrasonic sensor which is used for the obstruction sensor for 
cars which detects the reflected wave by the obstruction, and is characterized by 
for said slot of said interposition member adjoining the lower part of said support 
cylinder part which adjoins the margo-inferior section of said diaphragm, and 
arranging it by being fixed to the side face of a car, receiving horizontally from 
said car in an ultrasonic sensor according to claim 2, having whenever [ vertical 
predetermined angle-of-divergence ], and emitting a supersonic wave. 
[Claim 4] The tubed case where it has the bottom surface part which makes a 
diaphragm, and the tubed support cylinder part which protrudes towards one side 
from the periphery of said bottom surface part, The ultrasonic vibrator of the 
shape of sheet metal which it is fixed [ shape ] to the principal plane of said one 
side of said diaphragm, and vibrates said diaphragm in the thickness direction, 
The outside frame prepared by separating predetermined spacing to said support 
cylinder part of said tubed case, And said support cylinder part is supported, 
bearing being carried out to said frame, while being interposed between said 
outside frames and peripheral faces of the support cylinder part of said ultrasonic 
sensor. And the part which it has the interposition member which attenuates the 
vibrational energy of said support cylinder part, and said interposition member 
approaches the periphery of said diaphragm, and is stuck to said support cylinder 
part is an ultrasonic sensor characterized by restraining said support cylinder part 
weakly rather than other parts. 

[Claim 5] It is the ultrasonic sensor characterized by having the low restricted 
field which approaches set to an ultrasonic sensor according to claim 4, and 
predetermined [ of the periphery of said diaphragm / a part of ] in said 
interposition member, and restrains said support cylinder part weakly, and the 
high restricted field which approaches the remainder of the periphery of said 



diaphragm and restrains said support cylinder part strongly. 
[Claim 6] It is the ultrasonic sensor which is used for the obstruction sensor for 
cars which detects the reflected wave by the obstruction , and is characterized by 
for said low restricted field of said interposition member adjoining the lower part 
of said support cylinder part which adjoins the margo inferior section of said 
diaphragm , and arranging it by being fixed to the side face of a car , receiving 
horizontally from said car in an ultrasonic sensor according to claim 5 , having 
whenever [ vertical predetermined angle of divergence ] , and emitting a 
supersonic wave . 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to an ultrasonic sensor applicable to 
the obstruction detection sensor for cars suitably about an ultrasonic sensor. 
[0002] 

[Description of the Prior Art] A supersonic wave is transmitted from car back or a 
corner with the ultrasonic sensor formed in the bumper of a car, and he receives 



the supersonic wave reflected with the obstruction, and is trying to detect the 
obstruction with the conventional obstruction detection equipment for cars. 
[0003] Drawing An example of the ultrasonic sensor used as conventional 
obstruction detection equipment for cars is shown. 

[0004] the ultrasonic vibrator with which 1 comes to prepare an electrode in both 
the principal planes of a porcelain piezo-electricity plate made from PZT etc., 
respectively, the tubed case where, as for 2, an ultrasonic vibrator 1 is fixed, and 
3 - a collar a with cylindrical shape-like outside frame and 40 are the 
interposition members prepared between the outside frame 3 and the tubed case 
2, and the outside frame 3 has fitted into the hole of the bumper which is not 
illustrated. 

[0005] The tubed case 2 consists of a closed-end cylindrical shape-like metal can, 
and the bottom surface part 21 of this tubed case 2 emits a supersonic wave as a 
diaphragm, and detects a reflected wave. An ultrasonic vibrator 1 is fixed to the 
bottom surface part of a background of the tubed case 2, i.e., the center of a 
diaphragm 21, alternating voltage is impressed between the two electrodes of an 
ultrasonic vibrator 1, and a diaphragm 21 is vibrated. 

[0006] Bearing of the cylinder part (it is also called a support cylinder part) 22 of 
the tubed case 2 is carried out by the outside frame 3 through the interposition 
member 40 which consists of a both-ends opening cylindrical shape-like rubber 
object for vibration deadening. That is, this diaphragm 21 uses as a knot the 
periphery of the diaphragm 21 which adjoins that cylinder part (support cylinder 
part) 22, and vibrates considering the direction core of a path of a diaphragm 21 
as an antinode, and the interposition member 40 inhibits that vibration of a 
diaphragm 21 is transmitted to an external bumper through the outside frame 3. 
[0007] 

[Problem(s) to be Solved by the Invention] In the above-mentioned ultrasonic 
sensor, since there was fault incorrect-detected with the reflected wave from an 
obstruction by the reflected wave by road surface irregularity when whenever 
[ directional-characteristics / of the vertical direction /, i.e., radiation angle of 



divergence, ] is large, whenever [ to the vertical direction, especially the bottom / 
directional-characteristics, i.e., radiation angle of divergence, ] needed to be 
narrowed. Although whenever [ directional-characteristics, i.e., radiation angle of 
divergence, ] could be narrowed by raising a frequency, there was a request of 
wanting to realize **-ization of whenever [ directional-characteristics, i.e., 
radiation angle of divergence ], without changing a frequency rather than to to be 
free to frequency selection at slag with other conditions. 
[0008] this invention is made in view of the above-mentioned trouble - having - 
a simple configuration - whenever [ directional-characteristics, i.e., radiation 
angle of divergence, ] - ** - it sets it as the purpose to offer the ultrasonic sensor 
[-izing / an ultrasonic sensor ]. 

[0009] Moreover, in the ultrasonic sensor used as conventional obstruction 
detection equipment for cars mentioned above, in order to reduce the reflected 
wave a setup of whenever [ directional-characteristics / of the right-and-left upper 
and lower sides /, i.e., radiation angle of divergence, ] is important, and according 
especially to road surface irregularity to shaft orientations (the oscillating 
direction), to make small whenever [ to a lower part / directional-characteristics, 
i.e., radiation angle of divergence, ] was desired. 

[0010] When it did in this way although only the horizontal more nearly required 
include angle could rotate shaft orientations (the oscillating direction) upward in 
order to have solved this problem, there was a problem that the diaphragm 21 
which makes the acoustic emission side of an ultrasonic sensor became 
depressed outside from the outside surface of a bumper 1 at a protrusion or back 
side, and spoiled a fine sight. 

[0011] This invention is made in view of the above-mentioned trouble, and it is a 
simple configuration, and sets it as the purpose to offer the ultrasonic sensor 
which whenever [ over the shaft orientations (the oscillating direction) which 
intersect perpendicularly with the principal plane of a diaphragm / directional- 
characteristics, i.e., radiation angle of divergence, ] can narrow alternatively only 
in the hoop direction predetermined part of a diaphragm. 



[0012] 

[Means for Solving the Problem] In the ultrasonic sensor according to claim 1 
which attains the above-mentioned purpose, the peripheral face of the cylinder 
part (support cylinder part) of the tubed case where a bottom surface part makes 
a diaphragm and an ultrasonic vibrator is fixed is supported by the inner skin of 
the outside frame for support through the interposition member which has a 
vibrational-energy absorption function. Especially with this configuration, it has 
the slot which an interposition member approaches the periphery of a diaphragm 
and does not stick to the support cylinder part of a tubed case. The slot of this 
interposition member may be prepared over the perimeter of a diaphragm, and 
may prepare only the predetermined include-angle range of a hoop direction. 
[0013] According to the experiment, when the slot of an interposition member 
was prepared over the perimeter of a diaphragm, it turned out that whenever 
[ directional-characteristics / of the ultrasonic energy emitted from a sensor /, i.e., 
radiation angle of divergence, ] can be narrowed. 

[0014] A configuration according to claim 2 is further prepared for a slot only in 
the part close to the part of the predetermined include-angle range of the 
periphery of a diaphragm in an ultrasonic sensor according to claim 1 . According 
to the experiment, by doing in this way showed that whenever [ to the side which 
has a slot / directional-characteristics, i.e., radiation angle of divergence, ] could 
be narrowed. 

[0015] According to the configuration according to claim 3, in an ultrasonic 
sensor according to claim 2, this ultrasonic sensor is further used as an 
obstruction sensor for cars, and the slot of an interposition member adjoins the 
lower part of the support cylinder part which adjoins the margo-inferior section of 
a diaphragm, and is arranged. 

[0016] According to the ultrasonic sensor according to claim 4 which attains the 
above-mentioned purpose, the part which approaches the periphery of a 
diaphragm among the interposition members interposed between the cylinder 
part (support cylinder part) of the tubed case where a bottom surface part makes 



a diaphragm and an ultrasonic vibrator is fixed, and the outer flame, and is stuck 
to a support cylinder part is characterized by being the low restricted field which 
restrains said support cylinder part weakly rather than other parts. This low 
restricted field may be prepared over the perimeter of a diaphragm, and may be 
prepared covering a predetermined include angle. 

[0017] According to the experiment, whenever [ directional-characteristics / of the 
ultrasonic energy emitted from a sensor when preparing the low restricted field of 
an interposition member over the perimeter of a diaphragm /, i.e., radiation angle 
of divergence, ] can be narrowed. Moreover, when only the predetermined 
include-angle range of the hoop direction of a diaphragm prepared the low 
restricted field of an interposition member, it turned out that whenever 
[ directional-characteristics / of the ultrasonic energy emitted from a sensor /, i.e., 
radiation angle of divergence, ] can be narrowed in the side in which the low 
restricted field was established. 

[0018] According to the configuration according to claim 5, in an ultrasonic 
sensor according to claim 4, this ultrasonic sensor is further used as an 
obstruction sensor for cars, and the low restricted field of an interposition 
member adjoins the lower part of the support cylinder part which adjoins the 
margo-inferior section of a diaphragm, and is arranged. 
[0019] 

[Embodiment of the Invention] Hereafter, the operation gestalt which shows this 
invention in drawing is explained. 

[0020] With reference to ** type drawing of longitudinal section showing 1 
operation gestalt of the ultrasonic sensor of this invention used as the sensor 
section of the obstruction detection equipment for cars in drawing 1 , it explains 
below. 

[0021] the ultrasonic vibrator with which 1 comes to prepare an electrode in both 
the principal planes of a porcelain piezo-electricity plate made from PZT etc., 
respectively, the tubed case where, as for 2, an ultrasonic vibrator 1 is fixed, and 
3 - a collar - a with cylindrical shape-like outside frame and 4 are the 



interposition members prepared between the outside frame 3 and the tubed case 
2, and the cylinder part 30 of the outside frame 3 has fitted into the hole of the 
bumper which is not illustrated. 

[0022] The tubed case 2 consists of a closed-end cylindrical shape-like metal can, 
and the bottom surface part 21 of this tubed case 2 emits a supersonic wave as a 
diaphragm, and detects a reflected wave. An ultrasonic vibrator 1 is fixed to the 
bottom surface part of a background of the tubed case 2, i.e., the center of a 
diaphragm 21, alternating voltage is impressed between the two electrodes of an 
ultrasonic vibrator 1, and a diaphragm 21 is vibrated. 

[0023] Bearing of the cylinder part (it is also called a support cylinder part) 22 of 
the tubed case 2 is carried out by the outside frame 3 through the interposition 
member 4 which consists of a both-ends opening cylindrical shape-like rubber 
object for vibration deadening. That is, this diaphragm 21 uses as a knot the 
periphery of the diaphragm 21 which adjoins that cylinder part (support cylinder 
part) 22, and vibrates considering the direction core of a path of a diaphragm 21 
as an antinode, vibration of a diaphragm 21 makes vibration of the support 
cylinder part 22 of the tubed case 2 derive, and vibration of this support cylinder 
part 22 is transmitted to the bumper which the exterior does not illustrate through 
the cylinder part 30 of the interposition member 4 and the outside frame 3. 
[0024] The interposition member 4 which makes the focus of this example was 
formed in the shape of [ of thickness regularity ] a cylindrical shape according to 
the gap of the shape of a cylinder between the inner skin of the support cylinder 
part 22 of the tubed case 2, and the cylinder part 30 of the outside frame 3, stuck 
the inner skin of the interposition member 4 to the peripheral face of the support 
cylinder part 22, and has stuck the peripheral face of the interposition member 4 
to the inner skin of the outside frame 3. Even if the diaphragm 21 of the tubed 
case 2 vibrates by crookedness vibration of an ultrasonic vibrator 1 and the 
support cylinder part 22 of the tubed case 2 accompanies and vibrates by that 
cause by this, the vibrational energy of the support cylinder part 22 is decreased 
by the interposition member 4, and vibration of the cylinder part of the outside 



frame 3 is inhibited. It is the same as before by forming an ultrasonic vibrator 1 in 
a rectangle to have set [ in / in a longitudinal direction, it is large and / the vertical 
direction ] up narrowly the directional characteristics over the oscillating direction 
of a diaphragm 21 . The upper half of the principal plane 21 1 of the bottom 
surface part of the tubed case 2, i.e., the outside of a diaphragm 21, and the end 
face 41 of the outside of the interposition member 4 and the lateral surface 31 of 
the outside frame 3 make the flat side which extends to an abbreviation 
perpendicular direction, and are raising the fine sight of a bumper. 
[0025] Especially in this example, from the principal plane 21 1 of the outside of a 
diaphragm 21 , and the lateral surface 31 of the outside frame 3, only the 
predetermined depth is cut and, thereby, as for the bottom abbreviation one half 
(correctly the include-angle range of 140 degrees) of the end face 41 of the 
outside of the interposition member 4, the slot 42 is formed. 
[0026] (Deformation mode 1) A deformation mode is shown in drawing 2 . 
[0027] In this deformation mode, the slot 42 was formed over the perimeter. 
When doing in this way, whenever [ directional-characteristics, i.e., radiation 
angle of divergence, ] became narrow over the perimeter rather than the case 
where there is no slot 42 over the perimeter of a diaphragm 21 . 
[0028] (Deformation mode 1) A deformation mode is shown in drawing 2 . 
[0029] In this deformation mode, it established in the bottom in [ include-angle ] 
90 degrees, and the slot 42 was established in the bottom in [ include-angle / 
two ] 90 degrees. When doing in this way, it became narrower than the case 
where there is no fang furrow section whenever [ directional-characteristics / of a 
top and the bottom /, i.e., radiation angle of divergence, ]. 
[0030] (Deformation mode 3) A deformation mode is shown in drawing 3 . 
[0031] In this deformation mode, in the example 1 , slot 42a adjoins the thin edge 
wall (low restricted field said by this invention) 43, and the thin light-gage cylinder 
part (low restricted field said by this invention) 44, and, thereby, this slot 42a has 
become invisibility from the exterior. 

[0032] When doing in this way, the **-ized effectiveness of whenever 



[ directional-characteristics, i.e., radiation angle of divergence, ] fell, but since slot 
42a became invisibility, the fine sight improved. 

[0033] (Deformation mode 4) A deformation mode is shown in drawing 4 . 
[0034] In this deformation mode, the thin light-gage cylinder part (low restricted 
field said by this invention) 45 which is close to the inner skin of the outside 
frame 3 instead of the thin light-gage cylinder part (low restricted field said by this 
invention) 44 close to the peripheral face of the support cylinder part 22 is formed 
in the deformation mode 3. 

[0035] In addition, in drawing 1 , as long as the restraint of the support cylinder 
part 22 is weak, a slot 42 may be filled up with a thing like elastic putty. 
[0036] (Deformation mode 5) A deformation mode is shown in drawing 5 . 
[0037] In this deformation mode, in an example 1, electric shielding flange (low 
restricted field said by this invention) 21a is lengthened so that a slot 42 may be 
hidden from the part of the periphery bottom of a diaphragm 21. However, only 
the gap g to which the lower limit of this electric shielding flange 21a does not 
contact the inner skin of the outside frame 3 by vibration shall be secured. 
[0038] If it does in this way, a slot 42 can be invisibility-ized with an easy 
configuration, and a fine sight will improve. 

[0039] (Experimental result) An experimental result is explained hereafter. The 
experiment conditions are as follows. 

[0040] The sample model A shown in drawing 6 and drawing 7 is the thing of the 
configuration shown in drawing 2 , and has the structure which established the 
slot 42 in the perimeter of a diaphragm 21. The sample model B shown in 
drawing 8 and drawing 9 establishes a slot 42 only in the upper and lower sides 
in the sample model A. The sample model C shown in drawing 10 and drawing 
1 1 establishes a slot 42 only in the bottom in the sample model B. The sample 
model D shown in drawing 12 and drawing 13 makes the direction width of face 
of a path of a slot 42 abbreviation one half in the sample model B, and adjoins 
and establishes a slot 42 in a diaphragm 21 side. As for the sample model E 
shown in drawing 14 and drawing 15 , only distance J dents the principal plane 



21 1 of the outside of a diaphragm 21 to shaft orientations rather than the lateral 
surface 31 of the outside frame 3. 

[0041] The tubed case 2 of a cylinder-like-object-with-base configuration is 
formed considering aluminum as a material, it has the crevice of an abbreviation 
rectangular parallelepiped configuration inside, and the die length of about 
0.7mm and the support cylinder part 22 of the pars basilaris ossis occipitalis of 
the tubed case 2 where the radius of that peripheral face faces 8mm and this 
crevice, i.e., the thickness of a diaphragm 21, is 9mm. 
[0042] The ultrasonic vibrator 1 is being fixed to the pars basilaris ossis 
occipitalis of the tubed case 2, i.e., the central background of a diaphragm 21, 
and the oscillation frequency is 40kHz. The thickness of 19mm, therefore the 
interposition member 4 of the bore of the cylinder part 30 of the outside frame 3 
is 1.5mm. Silicone rubber was used as an interposition member 4. The 
directional characteristics at the time of changing a dimension variously with 
each [ these ] sample model are shown in drawing 16 - drawing 29 . In addition, 
in drawing 16 - drawing 29 R> 9, the direction of large directional characteristics 
shows the directional characteristics of a longitudinal direction among the 
directional characteristics of ** and two **, and the narrower one shows the 
directional characteristics of the vertical direction. The diaphragm 21 mentioned 
above produces the difference of these directional characteristics according to 
the shape of a long rectangle perpendicularly. Stand the pole to the location 
distant from the diaphragm 21 30cm perpendicularly, and made right and left 
rotate a diaphragm 21, i.e., a sensor, first, and investigated horizontal directional 
characteristics, next it was made to rotate up and down, and directional 
characteristics investigated vertical directional characteristics. Of course, the 
oscillation time amount of vibrator 1 was ended by the time the reflected wave 
from the pole carried out incidence to vibrator 1 . 

[0043] Drawing 16 shows the directional characteristics at the time of setting to 

0mm depth A of the slot 42 shown in drawing 7 (sample model A). 

[0044] Drawing 17 shows the directional characteristics at the time of setting to 



1mm the depth of the slot 42 shown in drawing 7 . 

[0045] Drawing 18 shows the directional characteristics at the time of setting to 
2mm the depth of the slot 42 shown in drawing 7 . 

[0046] The comparison with drawing 16 and drawing 17 shows that directional 
characteristics improve by forming a slot 42 in the sample model A. Moreover, 
although it is small, the comparison with drawing 17 and drawing 18 shows that 
directional characteristics get worse on the contrary, when a slot 42 is too deep. 
[0047] Drawing 19 shows the directional characteristics at the time of setting to 
8mm right-and-left width of face B of the slot 42 shown in drawing 9 (sample 
model B), and setting depth C to 1 .5mm. 

[0048] Drawing 20 shows the directional characteristics at the time of setting to 
10mm right-and-left width of face B of the slot 42 shown in drawing 9 , and 
setting depth C to 1mm. 

[0049] Drawing 21 shows the directional characteristics at the time of setting to 
10mm right-and-left width of face B of the slot 42 shown in drawing 9 , and 
setting depth C to 1 .5mm. 

[0050] Drawing 22 shows the directional characteristics at the time of setting to 
1 0mm right-and-left width of face B of the slot 42 shown in drawing 9 , and 
setting depth C to 2.0mm. 

[0051] According to these drawing 17 - drawing 22 , it turns out that directional 
characteristics are sharp altogether as compared with the slot-less mold shown 
in drawing 16 . 

[0052] Drawing 23 shows the directional characteristics at the time of setting to 
10mm right-and-left width of face D of the slot 42 shown in drawing 1 1 (sample 
model C), and setting depth E to 1mm. 

[0053] Drawing 24 shows the directional characteristics at the time of setting to 
10mm right-and-left width of face D of the slot 42 shown in drawing 1 1 , and 
setting depth E to 3mm. 

[0054] According to drawing 23 , as compared with drawing 20 which forms a slot 
42 up and down, it turns out that only upper directional characteristics have 



spread. The comparison with drawing 23 and drawing 24 shows that the 
directional characteristics of breadth and a top are [ the way when the depth of a 
slot 42 is deep / lower directional characteristics ] narrow slightly. 
[0055] Drawing 25 shows the directional characteristics at the time of setting to 
10mm right-and-left width of face F of the slot 42 shown in drawing 13 (sample 
model D), and setting depth G to 1.5mm. From drawing 25 , by **-izing the 
direction width of face of a path of a slot 42 shows that the directional 
characteristics of the vertical direction are narrow especially. 
[0056] Drawing 26 shows the directional characteristics at the time of setting [ the 
right-and-left width of face H of the slot 42 shown in drawing 15 (sample model 
E) ] 1.5mm and shaft-orientations depth J of a slot 42 to 0.5mm for the hollow 
distance I of 10mm and a diaphragm 21. 

[0057] Drawing 27 shows the directional characteristics at the time of setting [ the 
right-and-left width of face H of the slot 42 shown in drawing 15 ] 2mm and shaft- 
orientations depth J of a slot 42 to 0.5mm for the hollow distance I of 10mm and 
a diaphragm 21. 

[0058] Drawing 28 shows the directional characteristics at the time of setting [ the 
right-and-left width of face H of the slot 42 shown in drawing 15 ] 2.5mm and 
shaft-orientations depth J of a slot 42 to 0.5mm for the hollow distance I of 10mm 
and a diaphragm 21. 

[0059] Drawing 29 shows the directional characteristics at the time of setting [ the 
right-and-left width of face H of the slot 42 shown in drawing 15 ] 3.0mm and 
shaft-orientations depth J of a slot 42 to 0.5mm for the hollow distance I of 10mm 
and a diaphragm 21. 

[0060] The case where a diaphragm 21 is not hollowed by establishing the hollow 
distance I from the comparison with drawing 26 and drawing 21 shows that 
Sharp can do directional characteristics. Moreover, by comparing drawing 26 
with drawing 27 - drawing 29 shows that directional characteristics become large 
on the contrary, when hollow distance I is enlarged too much. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is drawing of longitudinal section showing the example of the 
ultrasonic sensor of this invention. 

[Drawing 2] It is drawing of longitudinal section showing the deformation mode of 
the ultrasonic sensor of this invention. 

[Drawing 3] It is drawing of longitudinal section showing the deformation mode of 
the ultrasonic sensor of this invention. 

[Drawing 4] It is drawing of longitudinal section showing the deformation mode of 
the ultrasonic sensor of this invention. 

[Drawing 5] It is drawing of longitudinal section showing the deformation mode of 

the ultrasonic sensor of this invention. 

[Drawing 6] It is the ** type front view of the sample model A. 

[Drawing 7] It is the ** type axial sectional view of the sample model A. 

[Drawing 8] It is the ** type front view of the sample model B. 

[Drawing 9] It is the ** type axial sectional view of the sample model B. 

[Drawing 10] It is the ** type front view of the sample model C. 

[Drawing 1 1] It is the ** type axial sectional view of the sample model C. 

[Drawing 12] It is the ** type front view of the sample model D. 



[urawing 


1 6\ 


If io 

It IS 


[Drawing 


14] 


It IS 


[urawing 


1t>J 


II IS 


[Drawing 


16] 


14 

It IS 


moaei a. 






[Drawing 


H "71 

17] 


It IS 


moaei a. 






[Drawing 


18] 


It IS 


moaei a. 






[Drawing 


19] 


It IS 


moaei b. 






[Drawing 


20] 


It IS 


moaei b. 






[Drawing 


21] 


It IS 


moaei b. 






[Drawing 


22] 


It IS 


model B. 
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model E. 

[Description of Notations] 

1 - Ultrasonic vibrator 

2 - Tubed case 

3 is an outside frame. 

4 is an interposition member. 
21 is a diaphragm. 

42 is a slot. 

44 -- Light-gage cylinder part (low restricted field said by this invention) 

45 - Light-gage cylinder part (low restricted field said by this invention) 
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